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ABSTRACT

A study of the flow regime in the commercial Andersen Samplex revealed
defects in the samjling of the larger air-borne particles. Satisfactory
sampling was obtained by redesigning the hole pattern of the top stages
and adding one more stage to extend the range of the instiument. A new,
rational, hole pattern is suggested for the lower stages. With both
patfexns a special colony-counting mask can be used to facilitate the
assay. A calibration of the modified system is presented that enables
particle size distyribution cuxrves to be drawn from the colony counts.
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1. INTRODUCTION

The Andersen Sampler' collects six size-graded aerosol fractions in
Petri dishes by a system of multi-jet cascade impaction. It has found
wide acceptance for sampling viable aerosols when it is desired to esti-
mate the numbers and sizes of the actual air-borme particles, rather than
to estimate the total number of viable cells in those particles, as one
obtains, for example, from 1liquid impingers. Loy

In attempting to obtain a calibration for the commercial sampler,

Model 0101, so that size distribution curves could be drawn from the

colony counts, I found irregularities in the deposition of the larger
particles that made a valid calibration impracticable. The intake effi-
ciency for the larger particles was also poor. This paper presents a study
of these faults and their origin, from the results of which a modified
design was developed. A calibration of this design enables particle size
distribution curves and total mass to be obtained from the colony counts.

In justification for the improvement to the large-particle (diameter
greater than five microns) efficiency of this sampler, it is pointed out
that in this category fall many’ of the infective particles generated by
such processes as blanket shaking, sweeping, talking, ¢oughing, and sneez-
ing. Also, a high proportion .of the mass of sprayed aerosols usually lies
in the larger particles. ’ o7 : P S
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To study the impaction chiracteristigg of eachAstage,iglass discs were
set up in special Petri dishes at exactly the same height as is the agar
with the standard f£ill of 27 milliliters. This setting is very important
because the clearance between'the underside of the sieve plate (S in
FPigure 1) and the coilection surface affects the airflow. Andersen' glves
this clearance as 0.1 inch but our measurements with fresh agar gave a mean
of 0.07 inch which can vary a.little with the dish used, the age of the agar,
and the position of the sampler. The
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A. PRELIMISARY STUDIES - '
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Heavy samples of droplets or solid particles were then taken. If all
Jets of a stage have equal impaction efficiency, the aggregates of thousands
of particles under each’jet would give visible spots of uniform density,
This was found to be quite untrue for Stages 1 and 2 (for particles greater
than five microns). Samples of viable particles of sprayed Serratia
marcescens were also taken to study the effects on them of unequal impact
efficiency over a stage.

average thickness of agar is 0.175 inch.

4
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B. MODIFIED SAMPLER

Uniform efficiency over a stage was obtained by a complete redesign of
thy jet uole pattern and jet-to-agar clearance. It was strongly desired
to extend the useful range of the sampler to particles larger than 12 micronms.
This was done by adding a top stage of the same new'design,‘after tests with
other geometry including a single-jet stage. '

.t : . .oe PR P 5 . ‘
(¥ N IR | e - 1

C. IRIA!E BF?ICIENCY AND INTERNAL LDSSES EEREE "’ S o

R A T A N I e weid
Studies vere made of the efficiency of -collectich bf’ yarticles as large

as 30 microns, by taking samples, in a large chamber, of'dyed an018t118’f

and uniform droplets generated by a spinning-top’ sprayer; Colorimettic'"_

estimations were made of the dye washed from the glass discn’ard from other

parts' of the sampler. - It has not beén possible, to date;’ to Study the import-

‘ant question of intake efficiency in wind-bokne aerasols. ' f°
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An excellent recent review of the calibration of cascade impactors has
been given by Mercer.’ He prefers the use of the "50 per cent cut-off"
diameter (dyy) as a stage characteristic rather than the mass median
diameter (MMD). At a standard sampling tite, the former canmnot vary, where-
as it is possible for the MMD to show some variation with atypical aerosol
distributions. Further discussion of this subject is redundant here,
Mercer's paper being recommended reading. In the present work,! celibratious
of . both du and HMD vere obteined ol o PR ”3°"“ LRI

T A A< S A1 3 P ) ',:;[—HGD DT IVED AN s 3T rU
xC&libration was done by detailed fluorescent ‘microscope- counting ‘and
-sizing of bacterial aerosol particles of suitable:concentration on’ aticky
glass:discs in lieu of the agar. The eyepiece graticule'described by May>-
was used in this work and two observers gave very consistent results. At
least 300 particles were sized per stage in each experiment; dnd eroughi
‘impact areas were completely scanned to give a count of at least 3000 <
pnrticles pet stage and thus a reliable estimate of the total stage nunbers.
‘AVJ.'i ?{3.“ )rlnl "£'~ - . f .
'f‘ Pneumntic spraying of aulpensions of :B.: aerogenes, ‘at-a concentration
of 2 x 101 ‘organisms per milliliter produced the test particles., The "
suspensions had been heat-sterilized, stained with primuline dye, centrifuged
and resuspended in clean water. The resulting particles after evaporation- of
the water are inert, strongly fluorescent under ultraviolet light, and are
spherical except for the smallest particles, which consist 6f single,-or very
few, cells and have a density of 1,37 grams per cubic centimeter. This is'
similar to the density of most other bacterial particles. 'Almost any other
bacterial suspension could have  been used and the addition of, say, 0.1
per cent of sodium fluorescein would glve adequate fluorescence. The advan-
tage of the fluorescence is that it renders the particles very easy to see
and eliminates, any possibility of confusion with atmospheric dust at the
smallest sizes.



It was decided to use bacterial particles because of their realism and
ease of production, and after consideration of many other possibilities.
In particular, wax spheres made by spraying hot molten wax, widely used in
similar work (e.g., Andersenl) » were rejected after attempt to measure their
density by flotation in.liquid mixtures adjusted to the same density. It wus
found that they had a very wide range of density because of included air
bubbles of extremely variable size. Alao,_dpuble,t _spheres were common.

From the size counts of each stage, the best fit cumulative number
distribution curves were plotted on logarithmic-probability paper. . In-
.general, these curves gave very good straight lines over most of their
length., From these curves, divided into size ranges half as wide a8 those
given by the ayepiece graticule, smothed frequency histograms of abgolute
numbers of particles sampled per size range were drawn for each stage. 'Ihe
intersections of these are the dg valyes. Very good reproducibility from |,
test to test was. obtai.ned 'rhe same curves also yielded the. charscteristic
cut-off curves for each stage (Figure 2). .¥MD's were obtained from con-,
ventional plots of the cumulative volume on log probability paper. The ﬁml
_required parameter, the mean volume diameter (MVD) for each stage, is

@En & /T 0)f° yhere there ave n particles in each range of wian dianmetei d,

et Tt . S R - Y ST T 7Y ISR S T TS SV UNINUEE SIS o R L ST SO B
- iy .o A RPN 11 PN A T MR |
"3.‘1- [ P P A N LR TN S-SR T TR PRI 4 . ‘-2.”}‘ Ll ,';ln
- ",‘ N Y4 ! . 1“..5,')" Y e 2 :11 mg!’l’rs . |1 Sow T ‘._.".l“:f3 T ):‘,ﬂl\?}')
N TR f. . N S L TICREG I K S B - A ITE A
IR < | BTN PR oAt et tans ceviants sall

. Pisure 3 1u=a photograph of a heavy sanple of dyad dxeﬁlecs ;on the £ivat
three Andersen stages, The maximum dron diameter was 12 wicrons. ' Kote.thst
there axe severe density variations over the Stage 1 discs, both with and
without, the intake cone, and on Stage 2, 'On Stzge 3.dt is just dacectable
in.the original that tha apots glightly increase in.depsity from:inside Qug-
vards. Stages & -5, and 6. axe oot ahaun“becaune they uppear quite -glifora.
AU O B | e, LA N st e s et G rad e e beag aw
To axplain and alimiuate these variations, the internal dir £flow veglue
sust be undexstood. In Figure 1, X is the whole =zone .above 8, Y the aene under
the center of 8, and Z the nuuular zone uunder .the outer holes of S.
and P, will signify the static pressures in zones X, ¥, and 2. These. niatté
pxenuures were mpasured with & migromancmeter and Tnble X.was chbtained, The
spot«denaity variations arise from .intervactions:.of the factors (a2) tadial
; pregsura fall, (b) pattern interference, (c) particle nisc, sud (d) the iutake
1.-cone. , These will be couaideted 1ndividua11y. )
. e 'HJ
(a) Radial preenure fall Ihe radisl pxeasure £all (xpf) (Table I,
Calumn 2) ie explained by Bernoulli's theorem from the fact that there is uno
flow in cone Y, while the full flow of ) cubic foot per minute-has built up
through zone 2. Column 2 shows that there is only-a elight increase in rpf
from stage to stage. This is to be expected because the geometry is counaywat,
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TABLE I. INTERNAL STATIC PRESSURE DIFFERENCESZ/
IN STANDARD ANDERSEN SAMPLER

Pressure Fall Across Ratio of Outer and

Stage Radial P;es;ure Fall, oyter and Inner Jets, Inner Jet Velocigies,

y -z Px-P, Px'Py (Px'Pz/Px'Py)
1 0.26 0.34 0.08 / 2.05
2 0.33 0.76  0.43 1.33
3. 0.42 . 1.66 1.26 1.15
4 0.45 6.2 5.7 1.05
5 0.51 33.5 33.0 1.01
6 0.63 81.5  80.9 1.004

a. In millimeters of water.

but the .more violent interjet turbulence as jet speeds increase gives slowly
increasing outflow resistance to the spent air. Columns 3 and 4 show rapid
increases down the stages as the holes decrease in size. Column 5, the
square root of the ratio of Column 3 to Columnm &, gives .the ratio of the
velocities through the outer and inner jets. In the lower stages, the rpf
is relatively negligible, so that velocity differences between the outer

and inner holes are too small to have a significant effect on the impaction
efficiency. But in the upper stages, where rpf is comparable to jet pressure
fall, jet velocity differences up to a factor of 2 exist in Stage 1 (Column
5). Here, then, we have twice as many particles going through the outer
holee as through the inner ones, and at higher impaction efficiencies. If
the predominant particle size happens to be on the steep part of the cut-off
curve (see Figure 2), enormous differences between inner and outer impaction
can result, as in Figure 3 (a) where the inner spots are invisible and the
spot density increases steadily outwards as the jet veldcity increases.
Similar effects occur on Stage 2, Figure 3 (c), out to the seventh ring of
holes from the center, but less obviously because the rpf is relatively
smaller than in Stage 1. - Beyond the seventh ring of holes, pattern inter-
ference effects dominate.
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(b) Pattern interference. The hole pattern chosen by Andersen has no
symmetry but does have the same groupings of holes in all stages. In Figures
3 and 4 the discs and dishes are orientated so that the pattern is in the same
‘'position in each case. 1In Figure 3 (c) the deposit spots in the three or four
outer rings are prominent at 12 o'clock, 2, 4:30, 7:30, and 10 o'clock, while
in the intermediate regions they are very faint or absent. This is because:
in the heavier outer zones the holes happen to be arranged in parallel radial
"streets" so that jets can impact their particle burden in a region protected
from the force of the outflowing air by their upstream neighbors. Between
the street zones, holes merge into a diamond pattern wherey; in the top two
stages, the unprotected air jets, which are relatively broad and feeble, are
readily blown aside. In the lower stages, jets are thin and of higher energy
and cannot be mastered by the outflow of spent air. Patiern interference
effects are often very prominent in Stage 1, more so than in the particular
example of Figure 3 (b). 1In Figure 3 (c), jets are not blown aside until
after the eighth or ninth rings of holes from the center because the outflow
of spent alr is imadequate before that zone. When jets are blown aside to
any extent at all, microscopic examination of the deposit areas shows that
there is a strong winnowing action, with the largest particles prefereantially
deposited. It {s this wide variation in particle sfze in different areas of
a stage, plus the wide difrerence in deposit density, that inhibits a valid
calibration. '

(c) Particle size. Differences in apparent spot demnsity on the top
stage are dependent upor particle size because very large particles have
sufficient inertia to overcome the winnowing effect of (b) and impaction
efficiency differences of (s). This is very well shown by comparing Figure
3 (a), vhere the maximm drop size wa2s 12 microns, with Pigure 5 (a), a
sample taken in identical conditions except that a 20-micron unifoxwedroplet
aerosol was used. '

(d) Rifect of cone. The Audersen sampler is fitted with a cone over the
top stage like an {overted funnel, with an intake hole one inch in diawmeter.
Thia cone does not apread the aerosol evenly over the top sieve, as pexhaps
intended, but directs a broad jet of air at the ceatral zone of the sieve,
This impacts a high proporticun of large particles on the upper sirface of
the sieve, and those that get through the holes are preferentially impacted
in the center, Figure 5 (b) demonstrates this effect in the 20-micron
aexosol and should be compared with 5 (a), its parallel sample with no cone.
Quantitative estimation of these samples showed that of the drops enteriug
the cone, in (b), 87 per cent were lost on the sieve and 13 per cent recoverad
from the dish, wheveas 78 per cent were recovered from dish (a). These effects
get worse, of course, as the particle size increases. At 30 wicrons only &
per cent were recovered from the dish when using the cone, compared with 47
per cent without the cone, Even with droplets 12 wicrons and below, the cone
effect is very obvious, as seen by comparing the two parallel Stage 1 samples
(a) and (b) in Figure 3.

The above effects are highly reproducible with any kind of particle.
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A. COLONY PATTERNS

Colonies from a viable aerosol of particle size distribution similar to
that in Figure 3 are shown in Figure 4. With colony samples it is not
permissible to have an average of more than. about three particles per hole,
or dishes become overloaded. At this level the Poissonian statistics of the
probability of a hole's being occupied blur the effects of factors (a) through
(d) above. Also, an occupied hole grows a single colony that has the same
apparent "spot density” whether it grows from a single cell particle, a parti-
clo containing thousands of cells, or from several mixed particles impacted
under the same spot. Nevertheless, pattern effects can always be detected on
colony samples of suitable level. Comparing the samples in-Figure 3 (a) and
4 (a) we see that both "no cone" samples have a bare area in the central zone.
The next colony sample, 4 (b), shows a heavier central zone growth than (a),
induced by the cone, and the growth under the outer holes shows the begin-
nings of preferential "street" deposition, which is often obvious on this
stage with heavier samples, Figure 4 (c) is strikingly similar to Figure 3
(c). Stages 3 and below always give random hole occupation, which is as
desired. An independently taken photograph where pattem effects may be
detected is Andersen's Pigure 6,° where his Stage 1 sample is directly compa-
rable with the present Figure 4 (b) and Stage 2 with Figure 4 (c). His dishes,
of course, have a random pattern orientation. There are many other confirm-
atory samples at haad, -

B. MODIFICATIONS

The lessons of the above study wexe applied in designing the new vadial
pattern illustrated by Figure 6 (a, b, and c), where the excellent apot-
uniformity over each stage will be noted. In this deaign, almost equal
velocity and impaction efficiency for every jet in & stage has been achieved
by (a) adjustment of the jet-to-agar clearance to reduce radial preseure fall,
and (b) by having the jets in mutually protective straight lines with clear,
and expanding avenues of escape for spent air to eliminate pattexa inter-
ference, Particle size effects are not detectable because the performance
of all holes i8 so nearly equal. No intake cone is used,

The principal measurements and static pressure readings of the three new
rvadial stages are given in Table II., Note the small differences between the
outexr and inner jet velocities shown by the last column, which should be
coupared with their counterparts in Table I,
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TABIE II, CHARACTERISTICS OF MODIFIED, 200-HOLE RADIAL PATTERN STAGES

Jet-Agar P Pz P_~P P -P,
Clearance y x 2, Yy %
Hole Diam., ’ m nzo m Hy0 mmH0 [Pe-P,
Stage ‘{nches inches Z_2
: Px-Py
0 0.073 0,22 0.022 0.155 0.133  1.08
M 0.0595 0.15 0.080 0.35 0.27 1.1%
2 9.049 0.11 0.13 0.76 0.63 1.10
3 & below Standard ‘ 0.07 See Table I

Figure 8 shows the modified radial hole components., In the foreground
Stage 1M has been disassembled to indicate the method of pressing a new
sieve-plate into the standard Andersen body to obtain the jet-agar clearances
of Table II. Jet holes in the radial stages are given a 90-degree counter-
sink to half their depth. Machiuists' drawings are available.

Each radial stage has 200 holes in 20 rxadii. Each radius has 10 holes
spaced one-eighth of an inch apaxt., There is not xoom for wmore holes with-
out mullifying the design principle of these stages. Thus we have & total
of 600 holes in three top stages compared with 800 in the two top standaxd
Andersen stages. Fewar holes in this five-micxon particle xange are no-
disadvantage because, in the general nature of aexosols, large particles
axe relatively few, 20 that it is highly unlikely that upper stages will
becowe overloaded before the lower,

Colony growth in the new Stages 0, 1, and 2 is shown in Figure 7 end
compares with Figure 4, which is a parallel sample. Figure 7 (a, b, snd c)
ghows 16, 109, aud 132 positive holes (total 307) giving corrected counts,
from the "ponitive hole conversion table"™ modified as described below, of
17, 157, and 482 (rotal 656)., Figure 4 (b and c), show 56 and 185 colonies
(total 241), which become on correction 60 and 248 (total 308), although
Andersen considers that the counts ou his top two stages should not be
corrvected, In any case, the new stages show a much higher count because of
the improved intake and deposition of particles. The radial pattern of the
very light sample 7 (a) is not apparent until the counting wmask, described
later, ia used, PFigure 5 compares the intake performance of parallel
gamples in a 20-micron uniform-droplet cloud; (a) and (b) have already been
quoted as ylelding 78 and 13 per cent of the probable absolute sample. Dish
(c) ylelded 85 per cent. In the 30-microm aerosol, (a), (b), and (c) were
47, 4, and 67 per cent respectively. The improvement of (¢) over (a) is
due entirely to having larger holes with a countersunk lead-in. This greatly
reduced the particle loss that is observed to occur close to the entrance of
the standaxd parallel holes, because velocity gradients are less.
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Stage 1M disassembled,

Modified Stages.

Figure 8.



C. COLONY-COUNTING PROCEDURE

Microscopic examination of the deposits of bacterial particles showed
that the effective deposit area of a jet has roughly twice the diameter of
the jet. On the new Stage 0 the jet hole diameter is 1.85 mn and individual
colonies can therefore usually be counted if they are not larger than about
0.5 mm and are few in number. If they are larger or there is coalescence
of colonies as in Figure 7 (b) and (c), "positive holes" should be counted
and corrected as described by Andersen.’ Corrections for the counts from
the new 200-hole stages can readily be obtained from Andersen’s 400-hole
table. If n positive heles are counted, the corrected number for 2n holes
is read froam the 400-hole table and that number is halved.

Some coloniés are found to be out of the hole pattern. These should
be ignored, on whatever stage they may be, becsuse they are usually from
small particles that have been deposited by the turbulence between jets,
on their way to the stages below. The identification of in-pattern
colonies on these radial stages is greatly facilitated by the use of the
mask shown on the left in Pigure 9. Translucent plastic is probably the
best mask material. When the mask is correctly oriented in or under the
Petri dish, positive or negative holes are iustantly recognized by lcoking
through the holes of the mask. On heavy deposita it is quicker to count
the few negative holes xather than the many positive onea. The holes axe
of the same size as for Stage 0. The pattern of the holes is a slight
expansion of the Stage 0, 1, and 2 pattern because jets are dragged slightly
outwards by the spent air. A dvawing is available.

D. NEW HOLE PATIEBN FOR THE IOWER STAGES

The success of the counting mask on the radfial stages duggested that it
would be sn advantage to use one for all stages. This cannot be doune with
the standard unsymmetrical Andersen pattern because there is no way of
vecognizing the correct orientation for a wiak over the colonies. A new
pattern muat be symmetrical so that the sorrect wask position is unequivocal.
To give maximm utilization of the agar surface in the lower stages, at
least 400 holes are required, but because holes ahould not be closer than
one~eighth inch, & 400-hole radial pattern would give overcrowding. Also,
a radial pattern ia no longer necessary for the lower stages, vhere jet
velocities azre sufficiently equal and high to give an even depoait pattern.
The vectangular pattern of 400 holes with one-eighth inch apacing as shown
tn Figure 6 (d) was therefore adopted. Hole sizes and other dimensions are
exactly the samé as for the standard Stages 3 through 6. The mack is showm
on the right of Pigure 9, and again it is a slight expansion of the hole
pattern.
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ular Hole Patterns.
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Counting Masks for Radial and Rectang
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Figure 9.



This system is very successful in giving a rapid count of positive or
negative holes, whichever is the fewer, and in eliminating out-of-pattern
colonies. Even without the mask, the colonies of Figure 7 (d) are obvicusly
easier to count than the exact counterpart Figure 4 (d). The greatest
advantage of the rectangular pattern is perhaps in its facilitation of
microscopic counting of inert particle deposits.

E. CALIBRATION

The cut-off curves for unit density spheres are shown in Pigure 2, They
ave strikingly similar to those calculated from the experimental results of
Ranz and Wong,® which were obtained from a single-jet system of rather similar
geometry and are shown as dashed lines. The true curve for Stage 6, which
cannot be obtained from the present work, is therefore probably similar to
the dashed curve for that stage.

Stages 0 and 1M have rather long '"teils’ because of the retention of a
stall number of particles down te three or four microns., This defect is
inherent in the system, and could csuse & spurious appsxent count of large
particles in aerosols having great nunhers of small viable particles with
very few large ones, Such ervor cen be avoided by taking a parallel fumpactor
sample for measurement of the largest particles by microscope, a# procadurs
that cuat be done im any case to draw complete eize-distribution curves.

The sige range of unit density spheras on esch stage extcapt for Staga 0,
which has wo upper limit; csa be cbtained from Pigure 2. Thue, Stage
begiug to receive particies of about 4.9 wicrons from Stage 2 and a?ips ell
particies swaller thau Z.} microns, For particles of other density, @ ,
all dismeters should be divided by Vo . The wass-distridution curves ’or
each stage are given {n Pigure 10, Except for the Stage € curve, these are
nearly constant for each stage where the aerxosol has sufficient sise raoge
to cover them fully. The Stage 0 corve applies oaly to cne pa:ticulat aetosol,
because {t has no fixed upper limie,

The principal paramatera derived from the calibration are in Yable IXIX,
vhich ie used as follows. Mrom corrected bacterisl coleny counts, the number
distribution curve can be drawn by plotiing the dgy values fov the appropriate
particle density sgainst the cumulative ounbers on the stages below., The
mags~distribution curve cen be chtained from this in the conventional way.
Volume on each stage is the product of the colony count and the volume obtained
from the wean volume diaweter, where the aerosol sire range adequately covers
the stage. This figure can be used to estimate total cells per stage from
samples of aprayed suspensions when the total solids content and cell count
of the suspension sre known, aud when there has been no viable decay. A
comparison with impinger eauples can therefore bte made., Good agreement has
been obtained in several of such tests.




— .wowol.ho.ﬂ, 1e3da308g ﬁ.@hw...&w ® WO1J ) . n
o 1o7dues uISIIPUY PI1ITPOH JO §22IND wojInq3aisig smrjos 01 2an314 g
qn wi/wB 2e°l =¢/) pwnjon Ag %oAlDINWND :
66'66 665 §666686 56 06 08 07 05 0coz O § T 1 Io
3 DU Y S I S = Lo
: ““
. w
a M
3, G :
(2] » , !
& T . |
, , w
2 J0VIS | \,M“N‘\\ ,
a ¢ | 22 — |
g 1 4 ¥ 3ovis . T Nww# " . _
: i = g e T L s
9 ADVYIS : ‘ — i Wl - | _
8— P -
=TIWZ 30VLS
oL e 1
ooco \* I L
13pVIS | eetb ' 1014 NOUVESITIVD GWW 7
0% T A 1014 NOWUVYEIVI %p ©
. NOILNGIYLSIG SSYW GINIEWOD «---
21 ] ey 20V 1S NOLILNEGINLSIaO SSYW IDVIS —
oF 1 L 1 :




TABLE III. CALIBRATION OF MODIFIED ANDERSEN SAMPLER FOR UNIT DENSITY
SPHERES AND FOR TYPICAL BACTERIAL PARTICLES

~

Teaal

AT DENSITY 1 gmw/cn’ AT DENSITY 1.37 gm/emd
Stage dg, Mass Hedian Mean Volume dy, Mass Median Mean Volume
3 Diameter, p Diameter, 1) V] Diameter, 4  Diameter, p

0 11.2 9,5

M 7.5 10 8.3: 6.5 8.5 7.0

M 5.4 6.6 6.2 4.6 5.6 5.3

3 3.5 4.4 4.2 3.0 3.7 3.5

4 2,0 3.0 2.7 1.7 2.5 2.3

5 0.97 1.5 1.4 0.83 1.4 1.2

6 0,62/ 0.9 0.85 0.58/ 0.77 0.73

&. Calculated from Ranz and wOng.‘

With nonviable samples that cam be estimated, say, chemically, mass-
“distribution curves can be plotted directly from the stage estimates and
the dgy values. Alternatively, the MMD's of Table 1II can be plotted against
the cumulative mass for the atages below plus half that on the stage. The
circles and triangles in Figure 10 compave these methods of plotting with
‘the dotted cysve, which is £rem the aumned counts of the serosol that gave
the - Stage G curve, : .
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IV. DISCUSSION

Stages 3 and below in the Andersen Sampler (model 0101) function in
a very satisfactory manner and in accord with the previous work of Ranz
and Wong.# There is almost no slippage of particles beyond their proper
stage. Stages 1 and 2 are not satisfactory and the modificatiqns described
and the calibration given enable most of the important aerosol parameters
to be obtained from the colony counts. The sampler has other desirable
features, such as simplicity and speed in use, and is rugged. - -~

It is recommended that workers with modified forms of any stage should
test them for jet uniformity by the heavy sample method, sprayed clouds
of india ink sampled on milk-agar being particularly suitable. Also, the
intake cone should be discarded where possible because of the heavy loss
of larger particles it causes on the top sieve.

Attempts to extend the size discrimination further upward beyond the
present work meet with the difficulty of high internal loss because large
particles are unable to make the 36C-degree turn to the next stage. All
detectable wall loss in the Andersen Sampler is found on the sieves near
the jet entrances and on the internal dish walls just above the agar. In
the present geometry these losses are unimportant.

When sampling in a wind, the sampler should be laid on its side facing
into the wind. One may speculate that the broad multi-hcle suction area
may be a reasonable alternative, at least up to 20 microns, to isokinetic
sampling, which in any case cannot be usefully achieved in a natural wind.

The use of the Andersen Sampler is of course by no means confined to
bacterial aerosols. 1Its high stage capacity will often be very useful for
obtaining bulk samples of any kind of air-borne dust or fine spray. For
microscopy, the deposition of the sample in a large number of small, equal
spots, each of which can be scanned in a few fields, is particularly use-
ful. The impaction of particles is very gentle and there is absolutely no
risk of particle or droplet shatter.

Best Available Copy
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